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Abstract ─ A broadband, airfoil-integrated, VHF antenna 

is introduced for conformal load-bearing structures 

(CLAS) applications. A two-layer antenna is developed 

and the effects of integration with a composite sandwich 

structure are investigated. A prototype structure is 

fabricated that exceeds an octave of measured impedance 

bandwidth and simulated gain and pattern bandwidth. 

Envelope correlation coefficient (ECC) and simulated 

radiation patterns are used to gauge feasibility of the 

structure for use in a MIMO application on a twin-tail 

drone. 

 

Index Terms ─ CLAS, multifunctional structure, structural 

antenna. 
 

I. INTRODUCTION 
While the use of unmanned air vehicles (UAV)  

has traditionally been restricted to military operations, a 

number of private sector firms have recently announced 

plans to provide some type of commercial service that 

involves the use of a UAV. Applications such as package 

delivery and providing internet access in remote areas 

have been proposed. Although the concept of operations 

and type of service being provided may vary, one 

requirement common to all applications is the need  

for wireless communication systems and antennas on-

board the aircraft. One specific application that has 

drawn significant interest is Cognitive Radio [1-2] 

communication where spectrum allocated for other 

applications but not in use at a particular instant can be 

used by another communication system. For example, 

consider television broadcast channels. If some of the 

channels are not used, some time-opportunistic sensing 

and leveraging could allow communication services 

through those channels. Sensing and reuse is the key, and 

thus broadband antennas or reconfigurable antennas will 

play a significant role.  

The focus of the present paper is VHF 

communication, namely 90 MHz and higher. The goal  

is to obtain as much bandwidth as possible without 

sacrificing pattern and gain. Traditional broadband 

antenna solutions such as resistively matched antennas 

can provide broad bandwidths but suffer from very  

low gain [3]. Recent works on broadband matching of 

electrically small antennas using active circuits include 

the application of non-Foster active circuits [4-9]. The 

possibility of using non-Foster circuits to increase the 

bandwidths of a dipole [4], a monopole [5], a dipole [6], 

a loop and a broadband planar dipole [7] and a VHF 

monopole [8] antenna were studied. Although these 

methods provide useful performance improvements they 

are typically geared towards receiving application. 

Furthermore, they are complicated, and costly.  

Given that many modern small and mid-sized UAVs 

are either fully or partially made of dielectric materials 

such as fiberglass or Kevlar composites, a new class of 

antennas that are integral to the mechanical structure of 

the UAV can be realized to provide superior performance 

characteristics. Such dual purpose structures have  

been termed generally as multi-function structures, and  

more specifically as Conformal Load-bearing Antenna 

Structures (CLAS) [10-13]. The key tenet of the CLAS 

concept is that a much larger antenna volume can be 

obtained by leveraging the outer surface area and 

structure of an air vehicle to implement large antennas or 

arrays, ultimately leading to increased effective aperture. 

Thus, from an RF perspective, this approach enables 

more efficient and broadband antennas. From an aircraft 

perspective, CLAS technology has minimal impact on 

vehicle weight and no impact on aerodynamic drag, 

unlike externally mounted blade antennas and pods that 

protrude into the airstream. However, CLAS design is  

a multi-disciplinary undertaking that must consider the 

desired RF performance, mechanical loading requirements, 

and properties of structural composite materials. 

Typically, a subcomponent of the UAV, such as the 

fuselage or a wing, is selected to be designed as a multi-

function structure. To enable operation as an antenna, 

conductors of the proper thickness must be included with 

the composite structural materials, and such conductors 

need to be deposited or bonded to all other materials 

comprising the structure in a manner that does not 
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degrade mechanical performance. 

As mentioned, the focus of this paper is to design and 

develop a broadband CLAS VHF antenna structure. The 

preliminary feasibility study of a VHF antenna for airfoil 

integration was presented in our conference paper [14] 

which included the design using copper foil and foam and 

parametric simulations of the antenna using FEKO. The 

work presented in this paper goes far beyond that. The 

objectives are to investigate if a broadband VHF CLAS 

assembly can be designed with significant bandwidth and 

nearly omni-directional pattern looking downward, study 

the effect of structural materials on bandwidth through 

Characteristic Mode Analysis, and validate simulated 

results through measurement of prototype structures. 

Finally, also investigate the potential for such CLAS 

components to be used in a MIMO configuration on a 

twin-tail UAV by computing the correlation coefficients 

and the patterns. 

 

II. ANTENNA CONFIGURATION 
As mentioned, the original geometry can be found in 

our previous paper [14]. The idea is to integrate the 

antenna into a composite airfoil such as shown in Fig. 1, 

and a cross-sectional schematic of the initial integration 

concept can be seen in Fig. 2. As seen, the antenna 

consists of two traces, Antenna Trace 1 and Antenna 

Trace 2, that are included at the interfaces of two of  

the four layers of dielectric materials making up the 

structure. Antenna Trace 1 is inserted between the lower 

skin and the first foam layer. Antenna Trace 2 is inserted 

between the two foam layers in the core of the structure. 

The Lower and Upper skins are made from dielectric 

materials commonly used in the fabrication of composite 

aircraft structures, e.g., fiberglass. In a practical specimen 

the antenna will be excited using a coaxial cable. For 

simplicity, the illustration in Fig. 2 shows a sinusoidal 

excitation as the feed. The separation between the Lower 

and Upper skins and the thicknesses of the different 

layers of dielectric materials are variables and depend on 

both the expected mechanical load and the desired 

antenna performance.  
 

 
 

Fig. 1. Airfoil geometry and antenna location. 
 

Initially the antenna design started without the 

presence of any dielectric materials to understand the 

dependency of the antenna performance on conductive 

material design variables. Subsequently the dielectric 

materials were added on and adjustments for tuning  

were made. The design started with two rectangular 

conducting traces. The size of the larger conducting trace, 

e.g., Antenna Trace 1 is ultimately constrained by the  

size of the air foil, with more space being available  

span-wise than chord-wise, and a limit of 76 cm by 62 

cm was considered. The thickness of conductive material 

considered was127 μm. The initial length of the smaller 

conducting trace, e.g., Antenna Trace 2 was determined 

by assuming that the antenna is a quarter wave monopole 

sized to operate at the center of the band of interest (150 

MHz). Thus the initial length was determined to be 50 

cm; however, the structural composite materials into 

which the antenna will eventually be placed have a 

dielectric loading effect. To compensate for this, the 

initial length for the small rectangle was shortened to 40 

cm, which corresponds to an operational frequency of 

187.5 MHz in free space. 

Antenna design was targeted towards obtaining as 

much bandwidth as possible within these and other 

dimensional constraints. The height between Antenna 

Traces 1 and 2 was varied and many other parameters 

were varied to arrive at an optimum design. These studies 

were conducted using FEKO. The design progress 

summary is illustrated in Fig. 3. It was found that a 

spacing of 3.5 cm resulted in good return loss bandwidth. 

Detail descriptions on the design evolution are available 

in [14]. Several key adjustments were made to the initial 

starting design, namely: (1) Two stubs and a slot were 

added to Antenna Trace 1, and (2) Antenna Trace 2 was 

moved slightly towards the slot from the outer edge to 

create an overhang. 
The overhang feature was introduced to improve  

the impedance match by creating and controlling the 

equivalent shunt capacitance resulting from Antenna 

Trace 2. Table 1 shows the final dimensions.  

This antenna serves as the baseline antenna for this 

paper and will provide a basis for comparison during the 

process of converting the initial concept into a CLAS 

design. Table 2 lists the antennas that will be discussed 

and gives a brief description of each. Antenna C indicates 

the design when integrated within composite materials 

(details given in Section III. B), while Antennas D and E 

each represent pairs of antennas for MIMO operation 

(details given in Section III. E). 

 

 
 

Fig. 2. Antenna and materials layout, cross-sectional 

view. 
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Table 1: Dimensions of the proposed antenna 

Parameter cm Parameter cm 

W 62 g 12 

L 76 h 8 

c 40 1 14 

d 22 w 6 

e 3.5 i 8 

s 58   

 

Table 2: List of antennas 

Name Description 

Antenna A Copper sheet and air 

Antenna B Expanded metal and foam 

Antenna C Composite sandwich 

Antenna D Dual parallel tail 

Antenna E Dual canted tail 

 

 
 

Fig. 3. Antenna design evolution. 
 

III. RESULTS 

A. Antenna A – No dielectric materials 

Simulation results (bandwidth and pattern) 

Simulated S11 results of Antenna A, with dimensions 

noted in Table 1, are shown in Fig. 4. As the plot shows, 

the S11 is below -10 dB from approximately 96 MHz to 

241 MHz. Thus a 2.5:1 bandwidth is achieved. 
 

 
 

Fig. 4. Simulated S11 for Antenna A. 

 

Figure 5 shows simulated radiation patterns for the 

three principal planes at 97 MHz and 240 MHz. The 

patterns are consistent over much of the frequency band 

with some distortion present at the upper end. It should 

be noted that although the =90 degree pattern at 240 

MHz shows a null along what would be the azimuth for 

an aircraft, there are still lobes directed both above and 

below this plane. Thus, it is reasonable to expect that RF 

systems utilizing the antenna would continue to function 

across the band, albeit with some degradation at the 

higher frequencies. 

 
Characteristic mode understanding 

To understand the return loss bandwidth of the 

antenna from a Characteristic Mode (CM) theory point 

of view, CM simulations were conducted using FEKO. 

The objective was to determine the different modes  

that may have resulted from the antenna of Fig. 3 and 

their role in determining the overall antenna operating 

bandwidth. 

CM analysis has been applied by other researchers 

to understand antenna modes, modal significance, and 

bandwidths from a CM point of view [15-17]. 

CM theory was introduced in the late 1960's by 

Garbacz who proposed that characteristic currents could 

be determined through analysis of the scattering matrix 

[18]. These characteristic currents are real surface currents 

on a conducting body that depend only on the geometry 

of the body and are independent of any external 

excitation. Later, Harrington and Mautz expanded upon 

the theory by proposing that the impedance matrix could 

also be used for this purpose [19, 20] through solution of 

the weighted eigenvalue equation: 

 [𝑋] 𝐽𝑛⃗⃗  ⃗  =  𝜆𝑛 [𝑅] 𝐽𝑛⃗⃗⃗⃗  , (1) 

where R and X represent the real and imaginary part of 

the impedance matrix of the conducting body, 𝜆𝑛 are the  
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eigenvalues, and 𝐽𝑛⃗⃗  ⃗ are the characteristic currents. 

 

   97 MHz   240 MHz 

  

  

  
 

Fig. 5. Radiation patterns at φ =0, φ = 90, and θ = 90 

planes. 
 

In general, the magnitude of the eigenvalue, |𝜆𝑛|, is 

a figure of merit that indicates how well a given mode 

radiates. Modes for which |𝜆𝑛| is small are the most 

effective radiators, while large values of |𝜆𝑛| indicate 

that a mode is a poor radiator [21]. Resonance is 

indicated when the value of λn is zero. 

One use of the eigenvalue is to calculate the so-

called modal significance, as given by (2): 

                    𝑀𝑆 = |
1

1+𝑗𝜆𝑛
| .                                (2) 

Modal significance is essentially an alternative 

representation for eigenvalues and it represents the 

normalized amplitudes of the eigencurrents [22]. In (2) 

it is easily observed that modal significance takes on a 

value of one in the case of resonance (λn= 0), and goes to 

zero for large values of λn [23]. A useful application of 

modal significance is to determine which characteristic 

modes are significant in terms of contributing to radiated 

power. A mode is considered significant when 
2

1
MS  

while the case of 
2

1
MS  indicates a non-significant  

mode [24]. 

A modal significance plot computed using FEKO 

for Antenna A is shown in Fig. 6. The dashed line in the 

figure indicates a modal significance of 0.7; thus it is 

easily seen that modes 1, 2, and 4 are significant while 

mode 3 is non-resonant and does not contribute to radiated 

power over the frequency band of interest. Furthermore, 

considering the modal half-power bandwidth, defined as: 

𝐵𝑊𝑛 = 
𝑓𝑢 − 𝑓𝑙

𝑓𝑟
,                              (3) 

where 𝑓𝑢 and 𝑓𝑙 are the upper and lower frequencies at 

which MS = 0.7, 𝑓𝑟 is the resonant frequency (MS = 1), 

and the subscript n denotes the nth mode, the bandwidth 

of mode 2 is found to be 51%, mode 4 has a bandwidth 

of 29%, and mode 1 has a bandwidth of 19%. One 

interesting aspect of the modal significance plot is that 

there are no significant modes between about 115 and 

150 MHz (Fig. 6); yet the S11 plot shown in Fig. 4 shows 

the match is good over this frequency band. It would 

initially seem that there should be another dominant 

mode over this frequency range. The concept of modal 

interaction described in [17] can be used to explain  

this discrepancy which states that modal interactions 

between the modes essentially create a matching circuit 

that provides a good S11 match even in the absence of 

7.0MS . 

 

 
 
Fig. 6. Modal significance for Antenna A. 

 

The current distribution on the antenna was also 

studied using FEKO. Figure 7 shows the current 

distribution at three different points within the frequency 

band over which S11 is below -10 dB. It is apparent that 

the stubs become more active and the current is more 

concentrated toward the edges of Antenna Trace 1 at 

higher frequencies. 
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Fig. 7. Current distribution for a) 96 MHz, b) 142 MHz, 

and c) 238 MHz. 
 

Experimental results 

A prototype of Antenna A was fabricated using the 

dimensions detailed in Table 1. The antenna traces were 

precision cut from a roll of copper sheeting with a width 

of 91 cm (3 ft) and a thickness of 127 μm (5 mil) to 

enable a continuous conductive surface. Two 3.5 cm 

thick pieces of Rohacell foam were cut from a large 

block to serve as a spacer between the traces. An L-

shaped piece of polyethylene was attached to the sides of 

the foam sheets with plastic screws to add mechanical 

stiffness. The antenna traces were then positioned with 

proper orientation to each other on opposite sides of the 

foam spacer and secured in place with masking tape. A 

photo of the prototype with the slotted trace visible is 

shown in Fig. 8 (a). 

 

 
 (a) (b) (c) 

 

Fig. 8. (a) Antenna A, (b) Antenna B with insets showing 

feed board and nature of mesh, and (c) Antenna C. 

 

 
 

Fig. 9. Cross sectional view of feed showing the 

orientation of the balun PCB. 

At the feed point, a section of foam was removed 

between the traces, and a PCB containing an RF balun 

from RF Micro Devices (part no. RFXF9503) was 

positioned between the upper and lower traces. The PCB, 

which is shown on the upper right of Fig. 8 (b), had a 50 

ohm microstrip line at the input and two traces on the 

output side to attach wires for connection to the antenna 

traces. A coaxial cable was soldered directly to the PCB 

input, and the other end of the cable was terminated  

with an SMA connector. The PCB is 3.5 cm wide, and is 

installed vertically between the two copper layers to 

minimize wire lead length. Wires with a diameter of  

0.9 mm were soldered to each PCB output terminal, and 

the wires were in turn soldered to the copper sheets at  

the feed point. Figure 9 is an illustration of the feed 

assembly. 

Upon completing assembly of the antenna, S11 

measurements were taken. Given the VHF operating 

range of the antenna, the measurement was made in  

a large aircraft hangar with a ceiling height of 

approximately 80 feet. The antenna was placed on top  

of two large foam blocks at a height of approximately  

1.5 m above the floor and secured with tape. An Agilent 

E5071CVNA was placed on a cart and positioned next 

to the foam blocks with the connection between the VNA 

cable and antenna feed cable secured to the top of the 

foam block with tape. 

Simulated and measured S11data are compared in 

Fig. 10. In terms of bandwidth within S11 below -10 dB 

the two results are in good agreement. The measured  

S11 is below -10 dB from 93 MHz to 230 MHz, for a 

bandwidth ratio of 2.47:1. This agrees well with the 

simulated -10 dB bandwidth of 96 to 241MHz (2.5:1 

ratio). The main discrepancy is at the upper end of the 

frequency band. This could be due to a slight difference 

in the feed between the model and the prototype antenna. 

A larger diameter wire (5 mm) was used in the simulation 

than was available when the prototype was constructed, 

and the smaller 0.9 mm wire and thin PCB trace used to 

feed the prototype could have caused this reduction in 

the bandwidth. 
 

 
 

Fig. 10. Comparison of simulated and measured S11 of 

prototype antennas. 
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To move toward a more structural version of the 

antenna, Antenna B was constructed using expanded 

metal instead of the solid copper sheets. Solid copper 

cannot be used in structural composite applications 

because it is difficult to bond to a component, and, even 

if this were possible, it would represent a significant 

parasitic weight increase for the structure. Expanded 

metal is commonly used on composite aircraft for 

lightning strike protection, and it is essentially a metallic 

mesh that is produced by interweaving small diameter 

wires or stamping a mesh pattern from a solid conductive 

sheet. The porous nature of the mesh allows structural 

epoxy to flow through and bond the mesh to the surface 

of a composite part during curing. From a mechanical 

perspective, the mesh is easier to conform to complex 

shapes and contributes less parasitic weight than a solid 

sheet. A mesh material from Astroseal Products Mfg. 

Corp. having grid dimensions of 1 mm by 1.6 mm and a 

thickness of 130μm was used for the prototype antenna. 

Fig. 8 (b) shows Antenna B with Antenna Trace 1 

visible. The nature of the mesh material can be seen in 

the close-up on the upper left, which shows the area 

around the feed. The S11 measurement was repeated, and 

the results are shown by the blue line in Fig. 10. It was 

found that Antenna B had a slightly higher bandwidth 

ratio (2.5:1) than Antenna A (2.47:1). This came about 

because Antenna A was inadvertently fabricated with 5 

mm less vertical spacing between the upper and lower 

traces. 
 

B. Structural integration effects 

Simulation results (bandwidth and pattern) 

As seen in Fig. 2, the proposed antenna would have 

to be integrated within a structural sandwich containing 

various dielectric materials. The effects of such 

integration were studied through simulations in FEKO. 

Initially the configuration shown in Fig. 11 was 

simulated. As seen, Antenna Trace 1 is in direct contact 

with the Lower skin. Antenna Trace 2 is much farther 

away from the Upper skin. The thickness of the Lower 

and Upper skins was 5 mm. Although it is recognized 

that some additional supporting mechanical structure 

would be required, this was not included in the initial 

simulations. It was also assumed that the airfoil would 

have a significant through-thickness dimension because 

only a large airfoil would be able to accommodate the 

1.16 m by 0.62 m antenna.    
 

 
 

Fig. 11. Addition of dielectric sheets to represent a 

composite sandwich structure (Antenna C). 

 
 

Fig. 12. Simulated S11 of antenna in the presence of 

dielectric skins. Cases with and without foam are shown. 
 

 
  (a) 

 
  (b) 

 
 (c) 

 

Fig. 13. Smith charts showing simulated data for: (a) 

baseline antenna (no dielectric), (b) fiberglass skin, no 

foam buffer, and (c) fiberglass with 5mm foam buffer.  
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The dielectric skin layers were modeled as 1.5 m  

by 1 m fiberglass composite sheets with 0.4r  and

tan 0.01  . The foam was modeled as air because εr = 

1.08 is typical for foam used in structural composites. 

Simulated S11results for this pseudo-structural antenna 

are shown in Fig. 12 (black trace). Comparing that with 

the S11 response of the baseline antenna in free space 

without any dielectric (red trace), it is obvious that the 

presence of the dielectric skin materials has significantly 

degraded the antenna performance. To examine the 

variability in dielectric constant and its effect on antenna 

performance, a second simulation was performed by 

replacing the fiberglass skins with cyanate-ester/quartz  

( 25.3r , tan 0.006  ). Interestingly, the results were 

the same as for fiberglass, suggesting that the problem 

was with the integration scheme itself as opposed to 

arising from material properties.   
 

 
 

Fig. 14. Effect of foam buffer thickness on S11. 
 

The integration concept was reconsidered, and it 

was noted that the only major difference between the 

structural and non-structural antenna was that the lower 

dielectric sheet was in direct contact with the slotted 

conductive trace in the structural version. The dielectric 

sheet was moved down 5 mm (see Fig. 11) in the FEKO 

model to determine if the mere presence of dielectric 

material near the feed and slot area was affecting the 

input impedance of the antenna. This 5 mm of separation 

could be achieved in a composite structure by adding an 

additional foam layer between the lower sheet and the 

slotted trace.  

As indicated by the blue line on the S11 plot of Fig. 

12, a significant portion of the previously observed 

bandwidth was recovered through the inclusion of the 

foam buffer. The bandwidth ratio for the structural 

antenna is 2.26:1 with the reduction occurring at the high 

end of the operational band. It was also noted that the 

beginning of the operating band shifted downward 

slightly from 96 to 93 MHz. 

Figure 13 shows the structural interaction discussed 

above on a Smith chart. Fig. 13 (a) is the baseline 

antenna in air, and Fig. 13 (b) shows the deleterious 

effect of the dielectric skin being in direct contact with 

Antenna Trace 1. The Smith chart of Fig. 13 (c) shows 

that the inclusion of the foam buffer results in much 

improved performance that is similar to that observed for 

the baseline antenna. 

The effect of the foam buffer thickness on S11 was 

investigated through additional simulations, and the 

resulting data are shown in Fig. 14. It was determined 

that a foam thickness greater than 5 mm resulted in 

slightly more bandwidth, while a thickness under 5 mm 

resulted in less bandwidth. The buffer thickness was 

ultimately left at 5 mm because it provided a slightly 

better match over most of the band and facilitated 

structural fabrication by making the antenna less 

intrusive into the structure. Simulated radiation pattern 

plots are shown in Fig. 15. Table 3 shows the peak gain 

at discrete points in the operating band for each of the 

dielectric materials that were studied.   
 

 95 MHz  208 MHz 

  

  

  
 

Fig. 15. Radiation patterns at φ =0, φ = 90, and θ = 90 

planes. 
 

Table 3: Comparison of simulated peak gain for different 

composite materials (dBi) 

Dielectric 100 MHz 150 MHz 200 MHz 

None 2.2 2.7 2.7 

Cyanate-Ester 

Quartz 
2.4 2.7 2.7 

Fiberglass 2.3 2.6 2.4 
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From a comparison of Fig. 15 and Fig. 5, it is evident 

that the patterns in each of the principal planes at the 

lower end of the band are similar. Comparing the 

patterns at the upper end of the band in Fig. 15 to those 

in Fig. 5, it is seen that there is close agreement in the  

θ = 90 degree plane, but some variation is found in the 

other planes. This is because the upper end of the band 

is 221 MHz in Fig. 15, whereas it is 240 MHz in Fig. 5. 

 

Characteristic mode understanding 

The CM analysis was repeated for the antenna 

integrated with the structural skin and in the presence of 

the foam. FEKO simulation results generated the modal 

significance plot shown in Fig. 16. In general, these 

results agree with the results seen in Fig. 6 for the  

non-structural antenna. However, two differences are 

noted. First, for the structural antenna with the skins and 

foam, all of the frequencies of the resonant modes have 

shifted lower. Second, modes 1, 2, and 4 have somewhat 

narrow bandwidths. Table 4 compares modal bandwidths 

calculated for Antennas A and C. 
 

 
 

Fig. 16. Modal significance for structural antenna. 

 

Table 4: Comparison of modal bandwidth for Antenna A 

and Antenna C 

Mode 
Bandwidth (MHz) 

(Antenna A) 

Bandwidth (MHz) 

(Antenna C) 

1 21.4 18.3 

2 106.7 80.8 

4 59.5 50.8 

 

Experimental results of structurally integrated antenna 

Upon completing the analysis of structural 

integration effects, Antenna C was constructed (see Fig. 

8 (c)) using 2 mm thick fiberglass sheets instead of the 5 

mm thick fiberglass and cyanate-ester quartz sheets used 

in the simulations. The thinner sheets were already on-

hand, and this change saved the cost of purchasing 

commercial composite sheets or the supplies needed to 

manufacture custom composite panels, not to mention 

the labor cost and time associated with manufacturing. 

The expected impact of the thinner material was that 

measured performance would be slightly better than for 

the thicker dielectric used in simulations. The measured 

S11 versus frequency for this antenna are shown in  

Fig. 12 using the magenta line. As seen, the operating 

bandwidth within -10 dB S11 is from 89 to 221 MHz. As 

expected, the measured performance of Antenna C was 

better than the simulation results (2.48:1 bandwidth ratio 

vs. 2.26:1), but it is evident in Fig. 10 that Antenna C has 

less bandwidth than Antenna B - which agrees with what 

was observed in simulations. 

 

C. MIMO application 

A common vehicle configuration for UAVs is the 

inverted V tail, in which the conventional horizontal and 

vertical stabilizers are replaced by two airfoils that are 

oriented downward at an angle from the horizontal. Such 

a structure could be used to implement a structural VHF 

antenna to enable an airborne MIMO capability. MIMO 

has been suggested as a means of increasing throughput 

for communications links [25-27] and improving radar 

performance [28].  

To investigate the feasibility of this concept, two 

vertically oriented structural antennas (Antenna C) were 

used to approximate an aircraft having two parallel tails. 

This physical configuration is designated as Antenna D 

in Table 2. Because independent antennas are required 

for MIMO applications, the envelope correlation 

coefficient (ECC) was used to characterize the relative 

independence of the antennas. The ECC study was 

conducted by first using FEKO to calculate the S-

parameters with the antennas being separated by distances 

of 1 m, 1.25 m, and 1.5 m. The resulting data was post-

processed using MATLAB to calculate ECC for each 

case. Simulations indicated that the efficiency of the 

antenna is on the order of 98%, so accurate results for 

ECC can be expected through the use of S parameters as 

given by (4) [29] 

𝐸𝐶𝐶

=  
|𝑆11

∗ 𝑆12 + 𝑆21
∗ 𝑆22|

2

(1 − |𝑆11|
2  + |𝑆21|

2)(1 − |𝑆21|
2  + |𝑆12|

2)
.    (4) 

 

 
 

Fig. 17. ECC for vertical tails separated horizontally by 

1.0, 1.25, and 1.5 m. 
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Figure 17 shows plots of ECC versus frequency for 

each separation distance over the band of interest. The 

data indicate that not only is ECC low for all separation 

distances, the case of 1 m separation results in the lowest 

overall ECC across the band. This result is encouraging 

because a 1 m separation distance is a reasonable value 

for tail separation on a twin tail UAV. 
 

 
 

Fig. 18. FEKO model of an inverted V-tail UAV 

configuration. 

 

 
 

Fig. 19. ECC for the inverted V tail model. 

 

Given the encouraging ECC results obtained with 

the parallel tail configuration, another study was 

conducted with the antennas canted at a 52 degree  

angle from the horizontal to represent antennas being 

integrated with inverted V tails. This configuration is 

designated as Antenna E, and is shown as a FEKO model 

in Fig. 18. The model also includes a section of fuselage 

with a radius of 69 cm and length of 110 cm. It was 

assumed that the fuselage is a cyanate-ester quartz 

composite with a thickness of 5 mm. The forward and aft 

sections of the fuselage are closed out with a 5 mm thick 

composite panel representing a bulkhead, although we 

note that the aft section would be partially open to 

accommodate a propeller shaft. The tails themselves are 

represented as Antenna C of Fig. 11 having the same 

dimensions with the exception that the spacing between 

the dielectric sheets was reduced to 10 cm. 

The previously described process was used to 

calculate ECC based on (4) for the inverted V tail model, 

and the results are shown in Fig. 19. A comparison  

of Figs. 19 and 17, shows that the inverted V tail 

configuration achieves a lower ECC than was realized 

with any of the parallel tail configurations previously 

studied. 

 

 95 MHz 208 MHz 

  

 
 

  
 

Fig. 20. Simulated radiation patterns for aircraft azimuth, 

pitch, and roll planes. 

 

Simulated radiation patterns for the inverted V tail 

concept are shown in Fig. 20. The simulations were 

conducted with one antenna excited and the other 

terminated with a 50 ohm load. The patterns of each 

antenna were found to be nearly identical except for  

the orientation in the roll plane being canted at +/- 52 

degrees as would be expected because this is the 

orientation of the antenna structure. The plots at the low 

end of the band in Fig. 20 show good symmetry with 

slightly more gain in the forward direction than aft (Fig. 

20). At the upper end of the band in Figs. 20 (d-f), the 

patterns become more directional with energy being 

directed forward and outboard. While the null directed  

to the aft at the upper end of the frequency band could  

be undesirable in some applications, the independent 
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patterns combined with low ECC value across the band 

indicate the use of tail-integrated antennas for a MIMO 

is feasible. 

 

IV. CONCLUSION 
The study, design, and fabrication of a broadband 

VHF antenna for integration into a composite airfoil are 

presented. It is demonstrated that a broadband antenna 

operating from 89-221 MHz can be incorporated into 

composite structures. Simulation and experimental 

results clearly show that such antennas can be built  

using structural composite materials, such as cyanate-

ester/quartz, Rohacell foam and conductive mesh with 

appropriate thicknesses commensurate with the frequency 

band of operation. The need for a foam buffer layer in 

between the antenna trace and the dielectric skin is 

demonstrated and the thickness of such a layer is 

optimized through simulations. Characteristic Mode 

(CM) analyses are performed to further understand and 

elucidate the bandwidth of the antenna as function of  

its modes and modal significance. The CM analyses was 

conducted in two ways with the first being a single sweep 

from 80 to 235 MHz, and the second being a segmented 

approach consisting of three separate simulations over 

subsets of the operational band. The latter approach was 

adopted because FEKO indicated that tracking errors 

occurred during the single sweep analysis. The details on 

the CM simulations of the antenna are available in [30]. 

The CM analyses for most of the antennas clearly 

delineate the individual modes and the modal interactions 

by means of which the antenna achieves broadband 

performance. The CM simulations also demonstrate the 

effects of the composite material loading on antenna 

operating frequency and bandwidth. Multiple antenna 

prototypes were built and tested. The final one was a 

sandwich structure consisting of cyanate-ester/quartz 

skins, Rohacell foam, and copper mesh. Experimental 

results on this antenna demonstrate antenna bandwidth 

from 89-221 MHz. Simulated radiation patterns show 

good coverage with a gain between 2 and 3 dBi across 

the band. The proposed sandwich structure antenna was 

also studied for possible MIMO application under an 

inverted V tail UAV configuration. The two antennas in 

that configuration clearly show excellent performance 

based on their ECC and simulated radiation patterns. 
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